Introduction
============

Overweight and obesity are the consequences of abnormal or excessive accumulation of body fat that present a risk to health. According to WHO, overweight and obesity are defined as a Body Mass Index (BMI) (weight \[kilograms\]/height \[m ^2^ \]) from ≥ 25 -- 29.9 kg/m ^2^ and ≥ 30 kg/m ^2^ , respectively [@R11705004-1] .

Obesity is a major public health problem, especially for developed countries, and has been associated with cancer risk and mortality [@R11705004-2] . The worldwide obesity epidemic has serious consequences for cancer incidence and cancer-related mortality [@R11705004-3] ,  [@R11705004-4] . In 2016, 650 million adults aged 18 years and older worldwide were obese (men 11%, women 16%) and about two-thirds of men and half of women in Germany were overweight with the prevalence increasing [@R11705004-5] ,  [@R11705004-6] .

In women, obesity is associated with endometrial (RR 1.59), gallbladder (RR 1.59), esophageal adenocarcinoma (RR 1.51), renal cancers (RR 1.34) and postmenopausal breast cancer (RR 1.12) [@R11705004-2] . More specifically, randomized controlled trials, observational studies, meta-analyses, and reviews show that overweight and obesity increases the risk for hormone receptor positive breast cancer in postmenopausal women [@R11705004-2] ,  [@R11705004-7] . In contrast, some evidence has indicated a reduced risk of hormone receptor positive breast cancer in obese premenopausal women, though when diagnosed these cases have been associated with a worse prognosis [@R11705004-7] ,  [@R11705004-8] ,  [@R11705004-9] ,  [@R11705004-10] ,  [@R11705004-11] .

Further evidence shows that obesity in women is related to the prognosis of breast cancer patients, obese women with premenopausal breast cancer have a higher incidence of larger tumors, a shorter overall survival, and higher BMI indexes were associated with an increase in mortality [@R11705004-8] ,  [@R11705004-10] . Other studies also reported that higher BMI in the premenopausal period is significantly associated with characteristics of more aggressive tumor phenotypes, such as larger tumor size, higher cell proliferation, more frequent lymph node metastasis and presence of vascular infiltration [@R11705004-10] , [@R11705004-11] , [@R11705004-12] , [@R11705004-13] .

The mechanisms by which obesity induces tumorigenesis vary by cancer type and are not fully understood yet. However, some possible pathophysiologic mechanisms for carcinogenesis have been proposed. Adipose tissue is an active endocrine and metabolic organ that releases free fatty acids and hormones such as leptin, adiponectin, resistin and tumor necrosis factor alpha (TNF-α). The increased release of leptin, TNF-α and free fatty acids leads to development of insulin resistance and chronic hyperinsulinemia. This results in increased circulating insulin and insulin-like-growth-factor levels, which promote cellular proliferation and inhibit apoptosis. Especially hyperinsulinemia leads to a reduction of hepatic synthesis of sex-hormone-binding globulin (SHBG). Moreover, adipose tissue produces aromatase and 17β-hydroxysteroid dehydrogenase (17β-HSD). Aromatase leads to an increased conversion of androgens Δ4-androstendione (Δ4A) and testosterone (T) into the estrogens estrone (E1) and estradiol (E2) in obese individuals. 17β-HSD converts Δ4A and E1 into the active hormones E2 and T. Combined with decreased SHBG levels, this leads to increased bioavailable fractions of E2 and T, which bind to estrogen and androgen receptors and promote cellular proliferation and inhibit apoptosis, especially in tissues like breast epithelium [@R11705004-9] .

There are different classifications for breast cancer. The intrinsic subtypes include four main subgroups: the estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor 2 (HER2) negative tumors, defined as triple negative breast cancer (TNBC) (ER−/PR−/HER−); the hormone receptor negative but HER2 positive tumors (ER−/PR−/HER2+); the hormone receptor positive but HER2 negative expression (ER and/or PR positive/HER2−), defined as luminal A tumor, and the hormone receptor positive luminal B tumor, ER and/or PR positive, which is mostly subdivided into HER2 + or HER2− subtype [@R11705004-14] ,  [@R11705004-15] .

As at the moment only conflicting findings from meta-analyses or reviews focusing on obesity and premenopausal breast cancer risk without focusing on intrinsic subtypes are available, the purpose of this study is to perform a review of literature to summarize the current state of knowledge in regard to obesity as a risk factor for the different intrinsic subtypes of breast cancer in premenopausal women. The specific research questions were: 1) How much is known about obesity in premenopausal women as a risk factor for specific breast cancer subtypes? And 2) Are there differences with regard to the intrinsic subtypes between obese and non-obese premenopausal women with breast cancer?

Methods
=======

Search strategy
---------------

The literature research was implemented according to PRISMA-Statement ("Preferred Reporting Items for Systematic Reviews and Meta-Analyses"), an evidence-based set of items from a panel of experts for good scientific practice for reporting systematic reviews and meta-analyses [@R11705004-16] . The search was conducted in June of 2018.

For searching potentially relevant literature, a two-tiered approach was followed. First, general reviews, guidelines and meta-analysis were consulted to define more focused and specific search terms. Eligible studies were identified by performing a search in the "PubMed" and "Orbis" (database from University of Oldenburg) databases from 2008 to 2018. For searching relevant literature on obesity and the risk of different subtypes of breast cancer in premenopausal women the following Medical Subject Headings (MeSH), keywords and/or text words in any field were used: "body mass index" (BMI) OR obesity OR overweight, AND premenopausal breast cancer. The search included full-text publications in English-language only. As the Orbis database includes the PubMed database, PubMed was excluded for Orbis literature search to reduce duplicates. Papers were assessed through titles and abstracts to determine relevance and suitability for inclusion. In order to obtain additional studies, review articles and meta-analyses were screened.

Inclusion and exclusion criteria
--------------------------------

Only full text articles originally published in English between 2008 and 2018 or "milestone articles", defined as articles that were cited by more than five of the included articles within the past ten years, were taken into consideration. Studies were eligible for inclusion/exclusion according to the following criteria:

### Inclusion criteria

-   Articles should be clinical trials, cohort studies, single cohort studies, case--control studies or nested-case--control studies

-   Studies should report data on BMI

-   Articles should provide subgroup analysis of premenopausal and postmenopausal women or only include premenopausal women

-   Articles should specify breast cancer subtypes or at least ER and PR statuses

### Exclusion criteria

-   Articles that used only other anthropometric measurements than BMI, such as waist-to-hip-ratio (WHR), waist-circumference (WC) or only height, or studies that reported only data on weight gain or weight in childhood or birth weight.

-   Studies limited to special populations like BRCA1/2 mutation carriers, only men or only postmenopausal women.

-   Articles that reported results for all breast cancer without distinguishing between premenopausal and postmenopausal women and subtypes.

-   Articles that focused on breast cancer survival and recurrence in correlation to overweight or obesity.

Quality assessment and data extraction
--------------------------------------

Several variables contribute to the quality of observational studies and were assessed for each study. These include information about characteristics and size of study sample, clarity of definitions used (definition for BMI, definition for subtypes), clarity of presentation of the results.

The following data were collected from each study: first author, publication year, country of study, population, type of study, number of cases with premenopausal breast cancer, age range, period of enrolment, methods of BMI measurement (self-reported or standardized measure), and reported immunohistochemical marker.

Results
=======

The literature search for obesity and premenopausal breast cancer risk according to intrinsic subtypes identified 410 citations of which 19 were identified by hand search. After duplicates were removed, 391 abstracts and titles were screened for eligibility. 281 records were excluded, because they did not meet the inclusion criteria. 110 candidate papers were screened and further reviewed in full-text for eligibility. 90 of these full-text articles were excluded for the following reasons: 35 had no subdivision into subtypes, 16 have not distinguished between pre-and postmenopausal women, 12 focused on breast cancer prognosis, survival or recurrence rate in obese women, 10 had no original data (such as same study cohort, pooled analysis, review or report), 8 focused on diet, physical activity, weight gain or weight change, 7 used other measurements for weight than BMI or used other BMI classifications, one study did not describe the study population completely and one article was retracted. Thus 21 studies were finally included in this systematic review ( [Fig. 1](#FI11705004-1){ref-type="fig"} ).

![ Identification, review and selection of studies included in the systematic review, according to PRISMA [@R11705004-16] , published between January 2008 and June 2018.](10-1055-a-1170-5004-igf01){#FI11705004-1}

Study characteristics
---------------------

The included articles were published between 2008 and 2018; one paper was added as a milestone article from 2007. 45% of the papers were case--control studies, 35% were single cohort studies, 15% were cohort studies, two were cross-sectional studies, one study was a multi-center study and one was a pooled analysis. The studies involved a total of 55 580 patients.

Seven of the studies were conducted in USA, five were from Europe (two from Italy, one from France, one from Poland and one from Germany), and seven were from Asia (three from China, two from Japan, one from India and one from Turkey). 25% had a sample size ≥ 1000, 35% had 500 -- 1000 participants, 35% had 200 -- 500 participants and 5% had a study size between 100 and 200 participants. The pooled analysis included 35 568 cases from different studies that were not additionally included in our review. The study characteristics for each study are summarized in [Table 1](#TB11705004-1){ref-type="table"} .

###### 

**Table 1**  Study characteristics of papers included in the systematic review.

  First author, year (Reference No.)      Study type        Country                                                                 Age range                                             Period of enrolment   No. of cases   Immunohistochemical markers      BMI measurement                  Anthropometric measurements
  --------------------------------------- ----------------- ----------------------------------------------------------------------- ----------------------------------------------------- --------------------- -------------- -------------------------------- -------------------------------- -----------------------------
  John EM, 2011 [@R11705004-17]           Case--control     USA (San Francisco Bay Area Breast Cancer study)                        35 -- 79                                              1995 -- 2004          672            ER, PR                           Self-reported                    BMI, WHR, WC, HC
  Berstad P, 2010 [@R11705004-18]         Case--control     USA (Woman Contraceptive and Reproductive Experiences Study \[CARE\])   35 -- 64                                              1994 -- 1998          2097           ER, PR                           Self-reported                    BMI
  Bandera EV, 2013 [@R11705004-19]        Case--control     USA (Womanʼs Circle of Health Study)                                    20 -- 75                                              2002 -- 2008          469            ER, PR                           Trained personnel                BMI, WHR, WC, HC
  Kawai M, 2013 [@R11705004-20]           Case--control     Japan                                                                   Mean 56.8 (ER+/PR+), 58.6 (ER+/PR−), 56.8 (ER−/PR−)   1997 -- 2009          389            ER, PR                           Self-reported                    BMI
  Wang F, 2017 [@R11705004-21]            Case--control     China                                                                   25 -- 70                                              2012 -- 2013          828            ER, PR                           Self-reported                    BMI, WC, HC, WHR
  White AJ, 2015 [@R11705004-22]          Cohort            Sister Study, USA                                                       35 -- 74                                              2003 -- 2009          413            ER, PR                           Trained personnel                BMI, WC, WHR
  Fagherazzi G, 2012 [@R11705004-23]      Cohort            France (E3N)                                                            40 -- 65                                              1990 -- 1991          277            ER, PR                           Self-reported                    BMI, WC, HC, WHR,
  Nagrani R, 2016 [@R11705004-24]         Case--control     India                                                                   20 -- 69                                              2009 -- 2013          818            ER, PR, HER2                     Self-reported                    BMI, WHR, WC
  Sahin S, 2017 [@R11705004-25]           Single cohort     Turkey                                                                  Median 48.6                                           1994 -- 2015          1834           ER, PR, HER2                     Unknown                          BMI
  Biglia N, 2012 [@R11705004-11]          Single cohort     Italy                                                                   Mean 45                                               1999 -- 2009          592            ER, PR, HER2, Ki67               Unknown                          BMI
  Yanai A, 2014 [@R11705004-13]           Single cohort     Japan                                                                   Mean 44.5                                             2005 -- 2012          187            ER, PR, HER2, Ki67               Unknown                          BMI
  Nattenmüller CJ, 2018 [@R11705004-26]   Cohort            Germany (EPIC-Germany-study)                                            35.2 -- 65.2                                          1994 -- 2010          308            ER, PR, HER2, Ki67, Bcl-2, p53   Trained personnel                BMI
  Yang XR, 2007 [@R11705004-27]           Case--control     Poland                                                                  20 -- 74                                              2000 -- 2003          217            ER, PR, HER2, HER1, CK5          Self-reported                    BMI
  Chen FY, 2013 [@R11705004-28]           Single cohort     China                                                                   Median 54.1 (obese), 45.1 (underweight)               2001 -- 2011          1277           ER, PR, HER2, Ki67               Unknown                          BMI
  Chen L, 2016 [@R11705004-29]            Single cohort     USA (Seattle-Puget Sound, Washington)                                   20 -- 69                                              2004 -- 2012          1217           ER, PR, HER2                     Self-reported, medical records   BMI
  Milikan RC, 2008 [@R11705004-30]        Case--control     USA (Carolina Breast Cancer Study \[CBCS\])                             20 -- 74                                              1993 -- 2001          638            ER, PR, HER2                     Trained personnel                BMI
  Agresti R, 2016 [@R11705004-31]         Cross-sectional   Italy                                                                   Median age 45.2                                       2011 -- 2015          596            ER, PR, HER2, Ki67               Unknown                          BMI, WC
  Lara-Medina F, 2011 [@R11705004-32]     Single cohort     Mexico                                                                  Mean age 50                                           1998 -- 2008          269            ER, PR, HER2                     Self-reported                    BMI
  Lin NU, 2012 [@R11705004-33]            Single cohort     USA                                                                     Mean age 55                                           2000 -- 2006          6175           ER, PR, HER2                     Self-reported                    BMI
  Li H, 2017 [@R11705004-34]              Case--control     China                                                                   Mean 47.73 (luminal), 48.62 (HER2+), 49.54 (TNBC)     2002 -- 2010          739            ER, PR, HER2                     Unknown                          BMI
  Yang XR, 2011 [@R11705004-35]           Pooled analysis   Different countries (mostly Europe)                                     Median age 55.3                                       1992 -- 2009          55580          ER, PR, HER2, CK5                Unknown                          BMI

ER/PR positive and negative breast cancer risk
----------------------------------------------

Eleven studies, comprising 46 700 participants, reported data on ER and PR status, of which six were case--control studies, two were cohort studies, two were single cohort studies and one was a pooled analysis. Regarding the risk of ER/PR positive BC, three of the case--control studies showed no significant association [@R11705004-18] ,  [@R11705004-19] ,  [@R11705004-20] , two studies reported a decreased risk [@R11705004-17] ,  [@R11705004-24] , whereas one showed an increased risk [@R11705004-21] . Regarding the risk of ER/PR negative BC, four of the case--control studies showed no significant association [@R11705004-17] ,  [@R11705004-18] ,  [@R11705004-19] ,  [@R11705004-20] ,  [@R11705004-22] ,  [@R11705004-23] , one reported a decreased risk [@R11705004-24] and one demonstrated an increased risk [@R11705004-21] ,  [@R11705004-25] .

The population-based case--control study by John et al. [@R11705004-17] investigated differences between ethnicities (Hispanics, African Americans and non-Hispanic whites) and breast cancer risk and focused on premenopausal breast cancer risk only. Here, the risk for ER/PR positive breast cancer was inversely associated with higher BMI in all three ethnic groups (BMI ≥ 30 kg/m ^2^ vs. ≤ 25 kg/m ^2^ : OR = 0.42; 95% CI 0.29 -- 0.61), while the risk for ER/PR negative breast cancer was not reduced with higher BMI (OR = 1.05; 95% CI 0.67 -- 1.64). Another population-based case--control study reported results of the association between BMI and ER/PR positive and ER/PR negative tumors among African American and white women. The authors found an inverse not significant association between increased BMI and breast cancer risk in premenopausal African American and white women for both ER/PR positive and for ER/PR negative subtype [@R11705004-18] . Similar results were obtained by Bandera et al. [@R11705004-19] , who evaluated the impact of body size, body fat distribution, and body composition on breast cancer risk among African American women in a case--control study and found that BMI was not significantly associated with breast cancer risk for both ER/PR positive and ER/PR negative breast cancer.

One hospital-based case--control study with 389 premenopausal breast cancer cases from Japan reported that women with higher BMI showed a decreased risk for both ER/PR positive and ER/PR negative breast cancer, but the results were not statistically significant and the number of obese cases was small [@R11705004-20] . Wang et al. [@R11705004-21] conducted a case--control study with 828 premenopausal breast cancer cases from China. Among women with a BMI ≥ 28 kg/m ^2^ compared to women with a BMI ≤ 24 kg/m ^2^ , both the risk for ER/PR positive breast cancer (OR 2.21; 95% CI 1.52 -- 3.21) and the risk for ER/PR negative breast cancer (OR 2.05; 95% CI 1.18 -- 3.56) were positively associated with higher BMI.

A cohort study with 413 premenopausal breast cancer cases from the Sister Study [@R11705004-22] found that women with a BMI ≥ 35 kg/m ^2^ were less often diagnosed with ER/PR positive breast cancer (HR 0.35; 95% CI 0.17 -- 0.74) compared to women with a BMI of 18.5 to 24.9 kg/m ^2^ . Due to a small sample size, the study was not able to examine associations between premenopausal ER/PR negative breast cancer risk and obesity. Similar results were reported by Fagherazzi et al. [@R11705004-23] . In their cohort study with 277 premenopausal breast cancer cases a decreased risk for ER/PR positive breast cancer was observed in women with a BMI \> 30 kg/m ^2^ as compared to women with a BMI \< 20 kg/m ^2^ (HR 0.40; 95% CI 0.16 -- 1.00), while there was no association between increased BMI and ER/PR negative breast cancer risk.

One single cohort study focused on Indian womenʼs breast cancer risk, according to TNBC subtype, ER/PR statuses and obesity-related anthropometric measurements, like WHR, WC and BMI [@R11705004-24] . Their results regarding BMI and breast cancer risk did not vary by hormone receptor status; a BMI ≥ 30 kg/m ^2^ compared with normal BMI was associated with a decreased risk for both ER/PR positive (OR 0.43; 95% CI 0.25 -- 0.73) and ER/PR negative (OR 0.55; 95% CI 0.34 -- 0.89) breast cancer. A study from Turkey reported significantly more ER positive tumors in premenopausal patients with a BMI ≤ 25 kg/m ^2^ compared to women with a BMI ≥ 25 kg/m ^2^ , and patients with BMI ≥ 30 kg/m ^2^ had significantly more ER/PR negative tumors compared to those with BMI ≤ 25 kg/m ^2^ [@R11705004-25] . An Italian single cohort study reported only information on ER/PR positive tumors in premenopausal women but no statistically significant associations between the risk for hormone receptor positive tumors and BMI were found [@R11705004-31] .

The pooled analysis from the breast cancer association consortium studies by Yang XR et al. [@R11705004-35] found out that obesity in younger women (\< 50 years) was more frequent in ER/PR negative compared to ER/PR positive tumors (OR 1.49; 95% CI 1.29 -- 1.73).

Luminal subtypes and breast cancer risk
---------------------------------------

Nine studies included, of which three were case--control studies, reported data on luminal subtypes in premenopausal women. It should be noted that from the nine studies, two of the studies defined the luminal B subtype as HER2 negative, whereas the other studies used the luminal B definition irrespectively to HER2 status. This restricts the data interpretation. From the case--control studies evaluating the risk of luminal BC in obese patients, two of them reported a decreased risk for luminal A or B cancers [@R11705004-27] ,  [@R11705004-30] , whereas one showed an increased risk for luminal A cancer [@R11705004-34] . The cohort and cross-sectional studies included found no significant association between obesity and the risk of luminal tumor subtype [@R11705004-13] ,  [@R11705004-25] ,  [@R11705004-26] ,  [@R11705004-28] ,  [@R11705004-29] ,  [@R11705004-31] .

The most recently published study included in this review was a prospective cohort study from Germany by Nattenmüller et al. [@R11705004-26] . They hypothesized that obese women, regardless from menopausal status, have less aggressive tumors than women with underweight or normal weight. Their results show that there were no significant associations between BMI and the risk of any tumor subtype as defined by a single marker in premenopausal women, but women in the highest BMI tertile showed a significantly lower risk for less aggressive tumors (i.e. ER+, PR+, HER2−, Ki67 low) compared to women in the lowest BMI tertile (HR 0.55; 95% CI 0.33 -- 0.93).

A population-based case--control study by Yang et al. [@R11705004-27] evaluated breast cancer risk according to BMI and subtype in 217 premenopausal breast cancer cases from Poland. Increased BMI reduced the risk for luminal A (OR 0.71; 95% CI 0.57 -- 0.88) and luminal B (OR 0.88; 95% CI 0.48 -- 1.60) subtypes. Another population-based case--control study investigated effects of obesity on risk for different breast cancer subtypes in East Asian women. They observed a positive association between higher BMI (≥ 25 kg/m ^2^ ) and luminal subtypes (OR 1.88; 95% CI 1.31 -- 2.69) [@R11705004-34] . Chen F et al. [@R11705004-28] reported in their single cohort study from China that luminal A and B tumor subtypes tended to be observed more often in normal weight and underweight women compared to overweight and obese women, but the findings were not significant. Breast cancer patients from Turkey were retrospectively analyzed for associations between BMI and breast cancer subtypes. Patients with BMI ≥ 30 kg/m ^2^ were less often diagnosed with a luminal subtype compared to women with BMI ≤ 25 kg/m ^2^ [@R11705004-25] . Another single cohort study with 1217 premenopausal breast cancer cases found no significant association between the diagnosis of luminal subtypes and BMI in premenopausal women [@R11705004-29] . Data from the CBCS case--control study reported a significantly decreased risk for overweight and obese women for breast cancer of the luminal A subtype (OR 0.7; 95% CI 0.5 -- 1.0) [@R11705004-30] . No significant associations between BMI and luminal subtypes were found in a single cohort study from Japan by Yanai et al. and in a cross-sectional study from Italy [@R11705004-13] ,  [@R11705004-31] .

TNBC subtype and premenopausal breast cancer risk
-------------------------------------------------

Twelve of the analyzed studies reported data on TNBC cases in premenopausal women, including three case--control studies. Two of these three studies showed a significantly increased risk for TNBC in obese patients [@R11705004-30] ,  [@R11705004-34] and one found no significant association [@R11705004-24] .

A single cohort study focused on TNBC cases among Hispanic women and showed that TNBC prevalence was not significantly associated with BMI ≥ 25 kg/m ^2^ or BMI ≥ 30 kg/m ^2^ in premenopausal women [@R11705004-32] . In contrast, Chen L et al. [@R11705004-29] showed that a BMI ≥ 30 kg/m ^2^ was significantly associated with TNBC risk in premenopausal American women (OR 1.82; 95% CI 1.32 -- 2.51).

A case--control study reported by Lin et al. [@R11705004-33] reported an increased risk for TNBC subtype in obese Polish women. The triple negative tumors were related to the highest BMI categories but the results were not significant (OR 1.18; 95% CI 0.86 -- 1.64 per five unit increase) In contrast, Li et al. [@R11705004-34] found that BMI ≥ 25 kg/m ^2^ was associated with elevated risk for TNBC (OR 2.51, 95% CI 1.53 -- 4.12).

TNBC cases were significantly higher in overweight (OR 2.8; 95% CI 1.3 -- 6.1) and obese (OR 3.7; 95% CI 1.2 -- 12.1) premenopausal Chinese women when compared to the luminal A subtype, and a cross-sectional study from Italy obtained the same results for women with BMI ≥ 25 kg/m ^2^ (OR 3.04; 95% CI 1.43 -- 6.43) [@R11705004-28] ,  [@R11705004-31] . In a Turkish population, the TNBC subtype was also significantly more frequent in premenopausal patients with BMI ≥ 30 kg/m ^2^ compared to BMI ≤ 30 kg/m ^2^ [@R11705004-25] . A retrospective analysis of breast cancer cases from the National Comprehensive Cancer Network of the United States showed that among obese premenopausal women 24% of breast cancers were triple-negative compared with 16% of normal-weight premenopausal women [@R11705004-36] . In contrast, there were no significant differences between BMI groups with regard to TNBC subtype frequencies in a study from India [@R11705004-24] . A population-based, case--control study of African-American and white women showed that TNBC subtype was more frequent in overweight (OR 1.7; 95% CI 1.0 -- 3.1) and obese (OR 1.6; 95% CI 0.9 -- 2.7) premenopausal women compared to women with a BMI \< 25 kg/m ^2^ [@R11705004-30] . No statistically significant association between BMI and TNBC was detected by Yanai et al. in patients from Japan [@R11705004-13] .

The pooled analysis by Yang XR et al. [@R11705004-35] reported a significantly higher risk for obesity among younger women (\< 50 years) and TNBC compared to women with BMI \< 25 (OR 1.8; 95% CI 1.42 -- 2.29) [@R11705004-35] .

HER2-positive subtype and premenopausal breast cancer risk
----------------------------------------------------------

Only six studies with a limited number of cases analyzed the relationship between BMI and risk for ER/PR positive and HER2-positive breast cancer subtypes among premenopausal women [@R11705004-25] ,  [@R11705004-29] ,  [@R11705004-30] ,  [@R11705004-31] ,  [@R11705004-34] . Results of the four cohort studies and from two case--control studies found not significant risk for HER2-positive subtype among obese women [@R11705004-34] , but one study reported a significantly higher risk in the subgroup of overweight women [@R11705004-30] .

Li et al. [@R11705004-34] found not significantly higher risks for patients with BMI ≥ 25 kg/m ^2^ (OR 2.25, 95% CI 0.82 -- 6.17). Millikan et al. [@R11705004-30] showed that BMI tended to decrease risk for HER2-positive subtype among obese women (OR 0.6; 95% CI 0.3 -- 1.5) but not in overweight women (OR 1.1; 95% CI 0.5 -- 2.3). Chen L et al. [@R11705004-29] reported in premenopausal overweight and obese patients a higher frequency of the HER2-positive subtype, but the risk was not increased significantly (OR 1.24; 95% CI 0.81 -- 1.88 and OR 1.41; 95% CI 0.92 -- 2.16 for overweight and obese women, respectively).

[Table 2](#TB11705004-2){ref-type="table"} summarizes the frequency of particular findings from the case--control studies included in this review. As observed, the amount of the evidence is low and uncertain whether obesity is a risk factor for different BC subtypes in this group of patients.

###### 

**Table 2**  Breast cancer subtype risk in premenopausal obese women, as reported in case-control studies.

  BC subtype      Number of case-control studies showing an increased risk   Number of case-control studies showing a decreased risk   Number of case-control studies showing no association
  --------------- ---------------------------------------------------------- --------------------------------------------------------- -------------------------------------------------------
  ER/PR+          1                                                          2                                                         3
  ER/PR−          1                                                          1                                                         4
  Luminal A       1                                                          2                                                         0
  Luminal B       0                                                          2                                                         0
  TNBC            2                                                          0                                                         1
  HER2 positive   0                                                          0                                                         2

Risk of bias within studies
---------------------------

There are potential risks of bias within the studies. The definition for overweight and obesity varied between different countries and were not all classified according to the WHO criteria. Measurements of BMI were either self-reported or measured standardized by trained staff, or the type of anthropometric measurements was not described. Another risk of bias is the various use of definitions on subtypes, especially luminal B tumors are often classified as either HER2 negative or subdivided into HER2 positive or negative.

The biggest risks of bias are the small sample sizes regarding severely obese women and TNBC and HER2 positive women. In addition, many of the reported associations provide from studies that were not designed to estimate the differences between all intrinsic BC subtypes.

Discussion
==========

Obesity in premenopausal women has been associated with an increase in mortality rate [@R11705004-8] ,  [@R11705004-10] ; however, the relationship between obesity and the different premenopausal breast cancer intrinsic subtypes is not completely elucidated. This review, comprising a total of 55 580 breast cancer patients from six case--studies and 15 observational studies regarding obesity as a risk factor for specific breast cancer subtypes in premenopausal women, indicated that a higher BMI might influence aggressive tumor characteristics among premenopausal women. In addition, heterogeneous risks for different breast cancer subtypes among obese premenopausal women were found, suggesting that obesity could have divergent impacts on the risk of different breast cancer subtypes.

Among studies regarding to ER/PR statuses and obesity in premenopausal women with breast cancer, six studies reported reduced risk for hormone receptor positive breast cancer in premenopausal women with a high BMI, whereas 4 studies reported non-significant results for increased risk of obese premenopausal women and ER/PR positive breast cancer. One study reported a significant association in hormone receptor positive breast cancer risk and increased BMI. ER/PR negative breast cancer risk in obese women was decreased in one of the studies, but three studies reported an increased risk for ER/PR negative breast cancer. Six studies evaluated no association for hormone receptor negative tumors and obesity in premenopausal women, whereas one study was not able to report results, due to a small sample size.

A meta-analysis by Munsell et al. reported that obesity in premenopausal women was associated with a 20% reduction in ER/PR positive breast cancer incidence, while no such association was observed for ER/PR negative premenopausal breast cancer [@R11705004-7] . Another meta-analysis also reported a 20% lower risk for hormone receptor positive breast cancer among premenopausal obese women, and each 5-unit increase in BMI was associated with a 10% decreased risk for ER/PR positive breast cancer. Similar to the results of the meta-analysis by Munsell et al., a meta-analysis by Suzuki R et al. observed no associations with regard to the risk for ER/PR negative tumors [@R11705004-37] . However, the pooled analysis by Yang XR et al. [@R11705004-35] reported a higher risk association for ER/PR negative tumors in obese younger women but the results for ER/PR positive tumors were conformable with the results described above. A recently published pooled analysis by the premenopausal breast cancer collaborative group also reported inverse associations between BMI and ER/PR positive breast cancer risk in premenopausal women at every age [@R11705004-38] . The results of the current review with regard to ER/PR positive and ER/PR negative tumors are concordant with the results of the meta-analyses and the pooled analysis mentioned above.

In regard to the associations of BMI with the risk for luminal A and B breast cancer subtypes in premenopausal women, three studies observed decreased risk for luminal-A subtype; whereas six studies reported no statistically significant relations between luminal-A subtypes and obesity in premenopausal women and six studies found no statistically significant relations for luminal-B subtype in this population, while one reported a decreased risk for this population.

TNBC tends to be more frequent in obese and severe obese premenopausal women. Seven of the 12 analyzed studies reported positive and significant associations for premenopausal TNBC risk and obesity, while the remaining five studies reported no associations or no significant results. A review and meta-analysis reported by Pierobon et al. [@R11705004-36] is in accordance with these findings, suggesting that obese premenopausal women with a BMI ≥ 30 m ^2^ have a 42% higher risk of developing TNBCC. The pooled analysis by Yang XR et al. [@R11705004-35] also reported a significantly higher risk for younger obese women and TNBC. In contrast to these results, the pooled analysis by the premenopausal breast cancer collaborative group reported no association between increased BMI at 25 years or older and TNBC.

In postmenopausal women adipose tissue is the main site of estrogen production. The increase in risk for hormone receptor positive cancer might be explained by higher rates of circulating E1 and E2 through the increased aromatase enzyme activity in adipose tissue [@R11705004-39] . Increased levels of E1, E2 and free estradiol are associated with increased BMI, but only in postmenopausal women [@R11705004-40] . In contrast, premenopausal women mainly synthesize estrogens in the ovaries and obese women have a higher prevalence of irregular and less frequent or anovulatory cycles, resulting in decreased E2 and progesterone levels [@R11705004-41] . This mechanism could explain the decreased risk for hormone-receptor positive breast cancer in obese premenopausal women and the higher risk for TNBC in obese premenopausal women. A pooled analysis from the Endogenous Hormones and Breast Cancer Collaborative Group reported decreased levels of total E2 and progesterone in obese premenopausal women, but increased levels of free E2, dehydroepiandrosterone sulphate (DHEAS), and T, which contradicts the hypothesis before [@R11705004-42] .

Obesity is also associated with inflammation, hyperinsulinemia, insulin resistance and elevated levels of insulin and insulin-like growth factor 1 (IGF-1) [@R11705004-9] . The release of free fatty acids and peptide hormones, such as leptin, interleukin-6 (IL-6) TNF-α, and the reduced release of adiponectin lead to insulin resistance and compensatory hyperinsulinemia. In turn, the synthesis of IGF-1 is promoted, which induces cell proliferation and inhibits apoptosis. These mechanisms could explain the higher aggressiveness of premenopausal breast cancer in obese women ( [Fig. 2](#FI11705004-2){ref-type="fig"} ).

![ Possible effects of obesity on breast cancer in premenopausal women. Own design.](10-1055-a-1170-5004-igf02){#FI11705004-2}

Nulliparity, increasing age at first full term birth and early age at menarche are reported to be associated with the risk of ER/PR positive tumors but not with ER/PR negative tumors [@R11705004-30] ,  [@R11705004-35] . These facts together could lead to the hypothesis that there could exist other factors beside the womanʼs hormonal status for hormone receptor negative tumors.

Conclusion
==========

Based on the 21 publications considered for the present systematic analysis, it is not possible to conclude if obesity is a risk factor for specific BC subtypes in premenopausal women. However, the evidence reviewed here suggests some differences with regard to the frequency of breast cancer subtypes in relation to BMI, with younger, premenopausal obese women tending to have more aggressive tumors. More data are needed to fully understand how obesity affects the risk for different BC subtypes and how dysmetabolisms may be related to BC subtypes.
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